Introduction
Swallowing difficulties cause problems with the intake of solid oral dosage forms, an issue that has been reported in 9% of polypharmacy patients attending community pharmacies and 27% of a general practice population. 1, 2 Such problems may affect the patient's quality of life, lead to hazardous coping strategies (splitting or crushing pills), and reduce adherence to medication regimens. but very few detect swallowing difficulties with medicine intake. Moreover, most questionnaires aim at evaluating swallowing in its detailed physiologic function 4 or tend to be tantamount to diagnostic tools. 5 Questionnaires that consider medication swallowing were primarily developed for research purposes and are too comprehensive to be used in practice by health care professionals. 6 Further, reports mention poor linkage between patients' complaints and diagnostic findings. 7, 8 We hypothesize that the "one single question fits all" approach (eg, "Do you suffer from swallowing difficulties when taking your medication?") represents a first step for a loose detection of individual issues with medication intake, but needs further in-depth assessment.
Systemic sclerosis (SSc) is a rare multisystem autoimmune disease with a prevalence of 1-10 cases per 100,000 individuals in Europe. 9 Vascular remodeling, inflammatory reaction, and abnormal fibroblast activation lead to impaired circulation and fibrosis in skin and multiple inner organs. SSc is a chronic, often progressive disease with high morbidity and mortality. Organ failure can also include the gastrointestinal (GI) tract. 10 Progressive worsening of the disease often leads to swallowing problems with food and liquids 11 and, therefore, probably medicines. A common comorbidity of patients suffering from SSc is the autoimmune Sicca or Sjögren's syndrome, which may also affect the swallowing process. 12, 13 Since SSc cannot be cured yet, treatment of organ manifestations remains the main therapeutic strategy usually involving oral medications.
14 Patient education, psychologic support, and highly specialized physical therapy are essential to the management of SSc. The European Centre for the Rehabilitation of SSc in Rheinfelden, Switzerland, serves the trinational region's 1 million residents and offers specialized care for patients suffering from SSc.
This study aimed at developing a patient self-report questionnaire that assesses subjective swallowing difficulties with medication intake, which can be used to guide a health care professional when choosing therapy options or optimizing a patient's medicines. The purpose of this questionnaire was not a diagnostic, but a screening approach. Pilot testing was performed in patients suffering from SSc, a very specific population at risk for swallowing disorders.
strengths of this study
• Based on a systematic literature search, a patient selfreport questionnaire assessing swallowing difficulties with medication intake was developed.
• Face validity of the initial questionnaire involved professional experts as well as patients.
• The use of a visual analog scale (VAS) to indicate the intensity and a human profile to indicate the localization of complaints ensured that answers were provided independently of language and health literacy.
• First validation steps of the questionnaire was performed in patients with SSc, a highly specific population prone to develop swallowing difficulties.
limitations of this study
• As SSc is a rare disease, the investigated population provided a limited number of patients.
• Construct validity (defined as placing the measure of a construct in a nomological network and establishing its relation to other variables) and criterion validity (defined as the association with other measures of the same variable) were not performed.
Methods

systematic literature search and article eligibility
The databases PubMed, CINAHL and Embase were searched on 29th March 2014 with the terms "deglutition disorders [MeSH] " OR "swallowing difficult*" AND "drug dosage form*" AND "interview*" OR "questionnaire*", with publication date being before February 2014 and without language restriction. Findings were reported according to the PRISMA statement (Preferred Reporting Items for Systematic reviews and Meta-Analyses). 15, 16 The identified abstracts were screened for eligibility according to the following inclusion criteria: 1) human population, 2) swallowing difficulties with medication intake assessed in a systematic and structured form as an outcome measure (eg, interview guide), and 3) full-text publication in English or German language. The full texts were then screened again for eligibility by two independent researchers. Discordance was resolved by consensus.
Development and validation of the questionnaire
Items from the questionnaires retrieved from the literature search were summarized, translated in German language, rephrased, and compiled into a patient self-report questionnaire. We termed the questionnaire SWAMECO for SWAllowing difficulties with MEdication intake and COping strategies. 
1689
Swallowing difficulties with medication intake and 1 professor in pharmaceutical care). Positive statements on sections, content relevance, intelligibility, comprehensibility, impact on patient privacy, and length of a first draft were graded from 1 (totally disagree) to 4 (totally agree). The higher the value, the more positive was the judgment.
Content validation was performed with nine SSc patients (mean age 52 years; four Germans, five Swiss; six women) attending an information seminar in Rheinfelden on 29 March 2014. Completeness, comprehensibility, appropriateness and ambiguity of question wording, interpretation of the questions, ability to provide accurate answer, and length were tested with structured questions using a 4-point Likert-scale (1= fully disagree, 2= tend to disagree, 3= tend to agree, 4= fully agree). Reliability was tested with six patients by a retest procedure 2 weeks later through post mail and measured using Cohen's Kappa. 17 A value .0.80 indicates substantial test-retest reliability. Construct and criterion validation were not performed because SWAMECO does not deliver a score or a threshold that could be compared to existing questionnaires. study design, sample, and recruitment
The cross-sectional population study took place at the European Centre for the Rehabilitation of Scleroderma, Rheinfelden, Switzerland. All patients fulfilling the new classification criteria for SSc, 18 currently being treated at the center, and of age $18 years were eligible. Pathophysiologic swallowing problems were not an inclusion criterion because dysphagia is not routinely diagnosed in the SSc patients attending the center (eg, by radiographic assessment or taking a medication with a standardized bolus of water).
Eligible patients were invited by letter in March 2014 to participate in the study. They received a written overview of the study, including purpose, an informed consent form (including consent to publish data), a SWAMECO self-report questionnaire, and a demographics sheet (including confounding factors that may influence swallowing difficulties, such as tobacco and alcohol consumption, unexplained weight loss [as sign of GI manifestation in SSc], and diagnosed pneumonia in the past 6 months). The participants were asked to complete and return the informed consent form, the questionnaire, and the demographics form within 4 weeks.
reporting standards and data analysis 
Ethical approval and trial registration
The study was approved by the local ethics committee Northwest/Central Switzerland (EKNZ 2014-013) and registered in the international clinical trial registry platform www.ClinicalTrials.gov (Identifier: NCT02105818, first entry March 28, 2014).
Results
systematic literature search
A total of 47 articles were identified ( Figure 1 ). After screening of titles and abstracts, 41 articles were excluded from further analysis. The remaining six articles reported 
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Messerli et al results from observational studies with low level of evidence according to GRADE 19 (Supplementary material, Tables S1 and S2). Four articles contained specific questionnaires. 1, 2, 6, 20 None of them was designed as a self-report form.
Development and validation of the questionnaire
The two categories "Complaints" and "Coping strategies" were retrieved from the literature search and expanded with two new sections "Localization" and "Intensity". The initial version of the questionnaire contained 32 items fitting on four pages as a DIN A4 double-sided, color-printed brochure.
Face validity was given with a mean overall agreement of 3.7 ( Table 1 ). The experts agreed with all items (no deletion), proposed 27 changes in the wording or the layout, 2 changes in the scales (adding the category "no answer" for 2 items), and suggested the separation of one item in two single items, the addition of one free-text item, and the inclusion of "choking" as a single item.
All changes were implemented. The final questionnaire contained 30 items (Table 2) and was redesigned as a DIN A3 landscape format and folded, to be provided as a doublesided, color-printed brochure.
Item 1 asked for current oral medication intake (yes/no). The presence of swallowing difficulties with intake of liquid (item 2), food (item 3), or medication (item 4) was evaluated on a 3-point Likert scale (1= current, 2= past, 3= never suffered from swallowing difficulties). Complaints (items [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] were rated on a 4-point Likert scale (1= totally agree, 4= totally disagree) and contained four items related to the Sicca syndrome (item 6: "I have a dry mouth during daytime"). 21, 22 Intensity of the complaints (item 15) was rated on a VAS using pictorial representations of facial expressions (0/laughing face = no complaints, 10/weeping face = unbearable complaints). A drawing of the upper human body from head to stomach (item 16) was divided into four segments according to the physiologic swallowing process, 23 that is, oral preparatory stage (mouth), oral propulsive stage (throat), pharyngeal stage (pharynx), and esophageal stage (esophagus). Patients placed a cross to mark the localization of their complaints at the corresponding site. Item 17 assessed medicines (product name, dosage, and intake interval). Position of the head while swallowing medication (item 18) was asked with three predefined answers (chin toward chest, head straight ahead, head straight back). As the chintuck technique, that is, to put chin toward the chest, changes pharyngeal dimensions through postural maneuver, it is recommended by speech specialists to move the bolus anterior in patients with dysphagia. 24 Thus, we considered this technique as appropriate for patients reporting swallowing difficulties. Coping strategies were reported by answering open questions with free-text options or predefined answers (items 19, 20) and closed questions with dichotomous options (items [21] [22] [23] [24] [25] [26] [27] . Three single items (items [28] [29] [30] to assess patients' adherence were selected from existing cognitive services 25 ("Do you sometimes forget to take your medicines" [yes/ no]) and literature 26 ("People sometimes miss taking their medications for reasons other than forgetting. Thinking over the past 2 weeks, were there any days when you did not take your medicine?" [yes/no] and "Have you ever cut back or stopped taking your medication without telling your doctor, because you felt worse when you took it?" [yes/no]). Patients 
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were assessed as nonadherent when answering items 28-30 once with "yes". Content validation was given with a median score of 4 (range 3-4) over all criteria. The questionnaire was judged as understandable, helpful, and clear. Patients were able to fill in the questionnaire within 15 min, which was estimated as acceptable by all nine participants. Test-retest reliability showed an acceptable kappa κ=0.81.
cross-sectional population study
Of the 64 eligible patients, 43 (67%) returned the questionnaire, 35 (81%) of them within 3 weeks. Mean age was 54.6 years (standard deviation 12.23); the majority of them were female (n=36, 84%) and Swiss (n=32), ten were Germans, and one was an Austrian.
Of the 43 returned questionnaires, a total of 46 empty fields (3.3% missing data) were irregularly disseminated over 15 questionnaires (65% fully completed questionnaires). Seventeen empty fields concerned a block of responses ("Taking oral medication triggers 1) a choking, 2) a cough, 3) nausea, 4) tightness while swallowing."). In ten cases, questions with free-text options were left unanswered, that is, 1) "Describe how you feel the discomfort of swallowing medication(s)" and 2) "Which of your medication(s) cause swallowing difficulties?".
Swallowing difficulties were reported by 20 patients (47%), as a current problem by 11 patients (26%), and as past difficulties that had been overcome by 9 patients (21%). Two patients left the question on swallowing difficulties with medication intake unanswered (missing data), but answered the question on swallowing difficulties with food or liquids in the negative. Thus, they were assigned to the group without complaints with medication intake for further analysis. Presence of possible confounding factors (tobacco and alcohol consumption, unplanned weight loss) was not correlated to swallowing difficulties with medication intake (data not shown).
Appropriate swallowing technique, that is, the chin-tuck technique, was mentioned in four (9%) cases. Patients with current complaints tilted their head backward as often as patients with past or no difficulties (5/11, 45% vs 11/29, 38%; three missing; p=0.467). All 43 patients support their medication intake with a sip of water, and 11 patients reported regularly choking on their medication (26%).
Nonadherence (answering items 28-30 once with "yes") was present in 47% of all patients and did not correlate with swallowing difficulties (12/19, 63% vs 8/20, 40%; four missing values; p=0.148).
Pattern of difficulties with swallowing medication
Of 20 patients with current or past self-reported swallowing difficulties with medication intake, 19 (95%) marked their complaints on the human profile ( Figure 2 ) with a total of 35 locations and a median number of marks per patient of 2 (range 1-4). Most marks were placed at the pharynx (n=15; 43%) and esophagus (n=12; 34%). Five marks were placed outside the GI tract.
The 20 patients indicated the intensity of complaints with a median of 4.4 (range 0.8-9.4). After repartition in tertiles, the intensity was low for six (30%) patients, moderate for nine (45%) patients, and strong for five (25%) patients. All patients but one (19 patients; 95%) reported pills or capsules stuck in the throat and could mostly name them (Figure 3 ). In 9 of 23 (39%) medicines involved, available drug form alternatives could have been recommended by a health care professional (Supplementary material, Table S3 ) according to the summaries of product characteristics currently in use in Switzerland. 27 The most frequent complaints related to Sicca syndrome were ocular and nasal dryness (80%), dry mouth during daytime (80%), the need to drink water for better speech (70%), and burning sensations (35%). Four patients (20%) were afraid of taking their medication because of the complaints. Ten patients (50%) had been worried about their swallowing difficulties during the past 4 weeks (Figure 3) .
Coping strategies were reported by 10 patients, who modified the dosage form (n=8; 40%) or stopped medication (n=2; 10%). Modification resulted in splitting tablets (n=8; 100%), opening capsules (n=4; 50%), dissolving medication in liquids (n=2; 25%), or crushing pills (n=1; 13%). Only one patient consulted a health care professional before applying the coping strategy.
Discussion
We retrieved from the literature questions assessing swallowing difficulties with medication, amended them, and developed a patient self-report questionnaire that screens for swallowing difficulties with medication intake. Face and content validity confirmed the completeness, clarity, and appropriateness of the questionnaire. The use of the pictorial VAS to indicate intensity and of a human profile to indicate localization ensures that answers are provided independently of language or health literacy. Pilot testing was performed in patients suffering from SSc, a specific population at high risk for swallowing disorders. We added specific items covering xerostomia and ocular or nasal dryness because these symptoms are often developed by SSc patients. 28 The observed high response to these complaints (80%) in our study confirmed the influence of these specific symptoms on the swallowing process and the appropriateness of the SWAMECO questionnaire to reveal them. Generalization to other patients will be investigated in a further study.
We selected a self-report structure because patients with swallowing difficulties with medication feel a subjective complaint, which may be difficult, time-consuming, and frustrating to depict in words. In contrast to others, 1,2 the SWAMECO self-report questionnaire was able to detect a heterogeneous pattern of complaints. On one hand, the human profile allows the patient to indicate precisely the subjective place of the complaints. On the other hand, a number from 0 to 10 from a psychometric response scale is able to quantify the intensity of complaints. Our questionnaire cannot be used for diagnostic purpose. Previous studies observed that the place of the complaints indicated by the patients was poorly correlated with objective findings, and concluded that the ability of patients to self-localize dysphagia symptoms is weak, 7 especially in those with esophageal problems. 8 Other reports similarly indicate that the intensity of symptoms is not reliable for predicting the location of the responsible lesion. 29 Inversely, many functional abnormalities that are unrelated to the patients' symptoms can be found with radiographic evaluation or video fluoroscopy. 8 In summary, symptom referral varies between patients and can hardly be used as a diagnostic tool. Nevertheless, regardless of their correlation to diagnostic findings, subjective complaints during medication intake should be taken into account by health care professionals when choosing a pharmacotherapy. Thus, by using patient's self-competencies in reporting, the SWAMECO questionnaire provides a snapshot of a patient's experience with medication intake and their swallowing difficulties. In analogy to pain scales, intensity remains an important marker of patient's burden with medication intake and enables tailored interventions to overcome hazardous coping strategies. The obtained answers can represent a starting point for deeper medical clarification and initiation of individual counseling, and conceivable communication difficulties become circumvented. Moreover, it may avoid time pressure when filled in advance of a consultation.
Prevalence of swallowing difficulties in patients with ssc
An unprecedented comprehensive insight into the medicine use in everyday life of SSc patients was achieved. To date, 
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Swallowing difficulties with medication intake existing population-specific tools have primarily focused on the reporting of a broad spectrum of GI disorders, 30, 31 while issues in the deglutition of medicines hereby were described for the first time by using the SWAMECO questionnaire. In total, difficulties with swallowing medication concerned as much as 47% of the surveyed patients at some point in time. The self-reported prevalence rate of current swallowing difficulties in this population was high (26%) and in the upper range of studies performed in a more general population, 1,2 while the rate of past difficulties (21%) was indicative of sustained complaints. This may be explained by the progressive nature of SSc disease that results in continuous suffering. It remains unclear whether the pattern of swallowing difficulties with medication intake in a more general population would be similar. These results highlight the need for a greater awareness of health care professionals on swallowing difficulties in this population.
coping strategies to overcome swallowing difficulties with medication
The coping strategies used by patients in our study, that is, opening capsules or crushing pills without informing the health care providers, are of great concern. Recent studies revealed that patients are often not aware of the safety issues when they modify medication dosage forms. 32 In our study, patients were asked to report their coping strategies in a free-text format. The health care provider might use this individual information for further clarification or counseling, for example, by performing an in-depth medicine use review focusing on the coping strategies in daily use, and empower the patient with recommendations for safe and appropriate medication use. However, pharmacists and physicians rarely question patients about swallowing difficulties, and very few professionals systematically ask patients about this specific drug-related problem. 1 Since health care professionals claim lack of time and personal resources, new screening tools such as the SWAMECO may reduce the workload and involve patients at an early stage.
Even if all patients reported taking water to ease the swallowing process, the amount of liquid remained unclear and might be critical. Schiele et al observed that 41% of all patients in their study took their medicines with less than half a glass of water. 2 Similarly, the swallowing technique of the medication-water bolus showed potential for improvement regarding the low proportion of patients (9%) with head tilted forward, the strategy regarded as the best practice. 33 The use of the SWAMECO questionnaire may uncover some individual practices that might jeopardize successful swallowing.
In our study, the majority of medications reported for causing swallowing difficulties were essential therapeutic medications for the treatment of SSc (calcium channel blocker/PDE5 [phosphodiesterase type 5] receptor inhibitor) or for the prevention and treatment of gastroesophageal reflux disease (proton pump inhibitor/H2 receptor antagonists). For many of the involved products, available drug form alternatives could have been recommended. Continuous and appropriate use of the medicines is mandatory to slow down the progression of the disease. Consequently, any factor that may influence their efficacy needs the attention of the involved health care providers.
Adherence to medication
Nonadherence was self-reported by almost half of our patients (47%). Compared to other diseases with similar characteristics such as noticeable symptoms, chronicity, and evolution with degradation, our result is much lower than the 91% of outpatients with rheumatoid arthritis, 34 or the 91% of elderly patients with asthma who indicated nonadherence. 35 We expected a higher proportion of nonadherent patients when reporting swallowing difficulties. As the participating patients were rather young, with full cognitive capabilities and high motivation to take their medicines as prescribed, we can hypothesize that the observed overall higher adherence to medication results from intense care and self-empowerment provided by the specialized center.
Further development of the questionnaire
When patients were asked to localize their complaints (Figure 2) , four dots were placed in an indicating triangle instead of the GI tract. It remains unclear if the corresponding patients were confused by the triangles representing a segment, or the difficulty really occurred at this place. Further development should also evaluate indicating signs. Also, next validation steps should focus on clinical examination and confirmation of swallowing difficulties with video fluoroscopy. Finally, further studies should investigate a larger cohort in a more general population and evaluate the clinical implication of the questionnaire in daily practice, that is, patient counseling.
strengths and limitations
Our study has several strengths. First, face validity of the initial questionnaire involved both professional experts and patients, who commented predominantly the wording of individual items. They made a significant contribution to the comprehensiveness of the questions, and thus, to the acceptance of the questionnaire and the feasibility of the study. 
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This may explain the high response rate of 67% without the use of any reminders. Second, the patient-oriented language may explain that the majority of missing values concerned personal items. We presume that patients did not wish to answer the questions, rather than failing to answer because of understanding difficulties. Third, we investigated heterogeneous symptoms in a highly homogenous population in regards to the underlying disease. Consequently, our questionnaire may be seen as able to catch all symptoms of swallowing disorders.
We acknowledge some limitations. First, our results are patient-reported outcomes, and thus, subjective information. We did not confirm the findings with clinical diagnosis of the swallowing process or of GI disorders. Consequently, a correlation between the reported swallowing difficulties and a clinical implication is not possible. The SWAMECO questionnaire remains inconclusive on the cause of the symptoms, but offers initial opportunity for further and targeted investigations. Second, the European Centre for the Rehabilitation of Scleroderma Rheinfelden is a leading center in the Germanspeaking region of Europe and takes care of a considerable number of SSc patients. However, since SSc is a rare disease, the investigated population provided a limited number of patients. Third, the investigated population was recruited in a highly specialized center where patients are under regular and specific surveillance. Therefore, some answers might have been influenced by this unique situation, such as the questions regarding communication with health care professionals. Fourth, nonadherence was assessed using a nonvalidated approach. To assess this issue from a more comprehensive perspective, the use of validated outcome measures independently from the self-report should be considered. Also, a general quality of life instrument that is, SF-36 (36-Item Short Form survey) or EQ-5D (European Quality of Life-5 Dimensions questionnaire) could be used to describe healthrelated quality of life in patients with SSc.
36
Conclusion
Through self-report questionnaires, patients can efficiently provide individual information that can be used for relevant counseling and tailored interventions. We developed a first self-report questionnaire assessing swallowing difficulties with medication intake that entirely relies on patients' impressions and not on detailed physiologic functions. Pilot testing of the SWAMECO questionnaire in patients with SSc, a highly specific population prone to develop swallowing difficulties, showed feasibility and acceptance of patients. Prevalence of swallowing difficulties with medication intake was remarkably high in the investigated population. Reported localization and intensity of complaints as well as potentially hazardous coping strategies indicated the need for in-depth counseling by health care professionals. Further validation of the SWAMECO self-report questionnaire should be continued in the general population, including evaluation of its complementary value in patient care.
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2013
Difficulties swallowing solid oral dosage forms in a general practice population: prevalence, causes, and relationship to dosage forms (Questionnaire with 32 questions in 5 major topics: demographics, medication intake habits, presence of diseases, attitude towards medication intake, coping strategies for overcoming difficulties)
Eur J Clin Pharmacol
Wright 43 
2002
Medication administration in nursing homes (Questionnaire for nurses with the sections: guidance on completion, respondent details, nursing home population demographics, extent of swallowing difficulties, methods used to overcome swallowing difficulties, experience of overcoming swallowing difficulties, opinions on the ease of changing medication)
Nurs Stand
Notes: Articles in bold systematically investigated swallowing disorders and were selected to develop the sWAMecO questionnaire. A short summary is indicated in brackets.
Table S3 results from the cross-sectional population study. Active pharmaceutical ingredient, formulation of the medicine, frequency of medication reported to cause swallowing difficulties (n=21) and the possibility of an available alternative drug form according to the swiss summaries of product characteristics Opening of capsule possible, but no crushing of pellets, only floating for suspension possible. If alternative drug forms were available, the option to crush a tablet was kept in brackets.
